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ADAPTIVE BATCH ENCODING FOR SLOW MOTION VIDEQ RECORDING

BACKGROUND

In some video recording contexts, a video recording device (e.g., a video camera or other
device including video recording capabilities such as a smartphone, tablet, or other device) may
record video in slow motion (e.g., for slow motion playback). For example, such slow motion
video recording capabilitics may be becoming more common in mobile devices. In some slow
motion video recording implementations, slow motion camera recording may operate at
moderate resolation (e.g., not the full resolution of the image sensor) and at a higher frame
capture rate {e.g., as compared with standard video recording). For example, some slow motion
video recording may be perlormed at 720P at 120 {ps (frames per second), or 720 at 240 {ps, or

the like.

While some processors implemented via such video recording devices may be able to
handle such slow motion video recording in real time, power consumption remains a concern in
such devices as battery life is a primary performance wetric for consumers. Current techniques
for mitigating such power consumption problems include reducing the frames per second of the
slow motion video recording and/or time stretching based oun post production frame rate
conversion (e.g., inserting newly generated frames). However, such techniques may provide
lower guality video {or slow motion playback as reducing the {rames per second reduce the
amount of frames attained and thereby limit how slowly the playback may be provided and time

stretching by 1nserting newly generated frames may introduce undesirable artifacts and the like.

It roay be advantageous to perform high guality slow motion video recording with low
power usage and thereby extend device battery life. It is with respect to these and other
considerations that the present improvements have been needed. Such improvements may

become critical as the desire to record high quality slow motion video becomes more widespread.
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BRIEF DESCRIPTION OF THE DRAWINGS

The material described herein 1s illustrated by way of example and not by way of
limitation in the accompanying figures. For simplicity and clarity of illustration, elements
ilustrated 1o the figures are vot necessarily drawn to scale. For example, the dimensions of some
elements may be exaggerated relative to other elements {or clarity. Further, where considered
appropriate, reference labels have been repeated among the figures to indicate corresponding or

analogous elements. In the figures:

FIG. 1 dlustrates an example video pipeline for adaptively batching encode tasks for slow

motion video recording;

FIG. 2 is a flow diagram illustrating an example process for conirolling video recording

and the buffering of video frames;

FIG. 3 is a flow diagram illustrating an example processfor retrieving video frames,

submitting video frames for encoding, and monitoring encoding to release a buffer;

FIG. 4 is a flow diagram illustrating an example process for adaptively batching encode

tasks for slow motion video recording;

FIG. 5 is an illustrative diagram of an example system for adaptively batching encode

tasks for slow motion video recording;
FIG. 6 is an illustrative diagram of an example system; and

FIG. 7 dlustrates an example device, all arranged in accordance with at least some

implementations of the present disclosure.
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DETAILED DESCRIPTION

One or more embodiments or implementations are now described with reference to the
enclosed figures. While specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. Persons skilled in the relevant art will
recognize that other configurations and arrangements may be employed without departing from
the spirit and scope of the description. It will be apparent to those skilled in the relevant art that
techniques and/or arrangements described herein may also be employed in a variety of other

systeros and applications other than what 1s described herein.

While the following description sets forth various implementations that may be
mantfested in architectures such as system-on-a-chip (SoC) architectures for example,
implementation of the techniques and/or arrangements described herein are not restricted to
particalar architectures and/or computing systems and may be implemented by any architecture
and/or computing system for similar purposes. For instance, various architectures employing, for
example, multiple integrated circuit (IC) chips and/or packages, and/or various computing
devices and/or consumer electronic (CE) devices such as set top boxes, smart phones, etc., may
implement the techniques and/or arrangernents described herein. Further, while the following
description may set forth numerous specific details such as logic implementations, types and
interrelationships of system components, logic partitioning/integration choices, etc., claimed
subject matter may be practiced without such specific details. In other instances, some material
such as, for exarple, control structures and full software instruction sequences, may not be

shown in detail in order not to obscure the material disclosed herein.

The material disclosed herein may be implemented tn hardware, firmware, software, or
any combination thereof. The material disclosed herein may also be implemented as instructions
stored on a machine-readable medium, which may be read and executed by one or more
processors. A machine-readable medivm may include any medium and/or mechanism for storing
or transmitting information in a form readable by a machine (e.g., a computing device). For
example, a machine-readable medium may include read only memory (ROM); random access
memory (RAM); magnetic disk storage media; optical storage media; flash memory devices;
electrical, optical, acoustical or other forms of propagated signals {e.g., carrier waves, infrared

signals, digital signals, etc.), and others.
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References in the specification to " implementation(s)", "example(s)",

]

"embodiment(s)",
ete., indicate that the implementation, example, or embodiment described may include a
particalar feature, structure, characteristic, or the like, but every implementation, example, or
embodimentmay not necessarily include the particular feature, structure, or characteristic,

5 Moreover, such phrases are not necessarily referring to the same implementation, example, or
cmbodiment. Further, when a particular feature, structure, or characteristic is described in
connection with animplementation, example, or embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature, structure, or characteristic in
connection with other implementations, exaroples, or embodimentswhether or not exphicitly

10 described herein.

Methods, devices, apparatuses, computing platforms, and articles are described
hereinrelated to slow motion video recordingand, in particular, to adaptively batching encode

tasks in slow motion video recording.

As described above,slow motion video recording {e.g., recording video for slow motion
15 playback) may be performed by recording at higher frame rates such as at 120 fps or 240 fps or
the like as compared to 30 {ps or 60 {ps or the like {or recording for standard playback. In some
examples, the slow motion video recording may also be performed at lower resolution {e.g., at
720P or the hike) as coropared {o the full resolution available via the jroage sensor of the video
recording device. Furthermore, it may be desirable to perform such slow motion video recording

20 inreal time, with high quality and low power usage.

For exaruple, in slow motion video recording, high speed processing ray be performed
for a recording stream {e.g., an encoding task) while a preview stream (e.g., presented to a user in
real time via a display) may be processed at a common speed. From a power usage perspective
such high speed processing may be detrimental such that such processing may impact the power

25 performance activity of the device. For example without the technigues discussed hercin, in a
720P camera recording example, a graphics processing unit (GPU) and a central processing unit
{CPU) may be woken up for every input frame. In examples where the processing of a frame
takes about 3 milliseconds (ms), at 120 fps capture, the wake up cycle may be about 8.3 ms such
that GPU and CPU are awoken frequently and do not have the opportunity to enter deeper sleep

30 states during operation. Furthermore, each encoding task may generate 2 or 3 interrupts such that,
continuing the 120 fps example, 240 to 360 interrupts may be generated per second. Such
interrupts may constantly wake the CPU and/or GPU.

-4.
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In some embodiments discussed herein, a video recording device {e.g., a camera, video
camera, or a device including a video recording capabilily such as a smart phouve, tablet, laptop,
or the like) may enter a slow motion video recording mode based on a slow motion video
recording signal from a user interaction or an application or the like running on the device, a

S5 requested frame capture rate being greater than or equal to a threshold {e.g., 120 fps), or the like.
In such a slow motion video recording mode, multiple video frames may be buffered to generate
an encode baich including the video {rames. The encode batch may include a batch size (e.g., the
baich size determining the number of video frames in the encode batch) such as four video
frames or the like. The encode batch may be encoded via an encoder {e.g., implemented via

10 graphics processor or the like} during a continuous active state (e.g., without entering a sleep
state) to generate an encoded bitstream. The encoded bitstream may be saved (e.g., via a

coutainer), transmitted to a remote device for storage or display, or the like.

in slow motion video recording contexts, such adaptive baiching (e.g., adaptive batch
scheduling) for encoding or encode tasks may provide substantial power savings. For example, a

15 processor {e.g., a graphics processor} implementing the encoder may eunter a Jow power state
during the times between such batch encoding. For example, upon completion of a first cncode
batch, the processor implementing the encoder may enfer a low power state, a sleep state, or the
like. The processor implementing the encoder may stay in such a sleep state until a second
encode batch is provided. In contrast to providing each frame for encoding without batching,

20 such encode baiches may provide for longer low power or sleep durations (e.g.. between batches),
which may be advantageous. Furthermore, such extended low power or sleep durations may
allow the processor implementing the encoder o enter deeper low power or sleep states during
such durations. For example, in contrast to intermittent opportunitics to enter a low power or
sleep state during encoding in a frame-wise manner, encode balching as discussed herein may

25  provide extended breaks between encode tasks such that the processor implementing the encoder
may enter deeper low power or sleep states. The techniques discassed herein may thereby
decrease a wake up {requency of a graphics processor and/or a central processor in slow motion
recording contexts. Such techniques may thereby save substantial power for the video recording
device during slow motion video recording. Although discussed herein with respect to slow

30 wmotion recording, the discussed technigoes may be used in any high speed recording context.

FIG. 1 iHustrates an example video pipeline 100 for adaptively batching encode tasks for

slow motion video recording, arranged in accordance with at least some implementations of the

-5.
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present disclosure. As shown in FIG. 1, video pipeline 100 may include a mode module 102, a
camera framework 103, a media framework 104, a frame batching module 105, a media driver
106, and a graphics processor {GPU) 107.1n some examples, mode module 102, camera
framework 103, media framework 104, frame batching module 103, media driver 106, or

portions thereof may be implemented via a central processor or central processing unit or the like.
Furthermore, GPU 107 may implement an encoder to perform encode tasks (please refer to FIG.
5). In some examples, the central processing unit, GPU 107, and a memory to umplement a buffer

may be implemented as system on-chip {(50C) device.

As shown, video pipeline 100 may generate, via camera framework 103, input video
frames 121 and/or input video frames (oput frames) 131 for processing. For example, video
frames 121 and video frames 131 may generated via any suitable module or hardware or the like
such as a camera module, image preprocessing modules, or the like, which may implement
camera {ramework 103. Furthermore, video frames 121 and video {rames 131 may nclude any
suitable tmage or video data. For example,video frames 121 and video frames 131 may include
YUV (e.g.. luma-chrominance-chrominance) data or data in any suitable color space such as the
red-green-blue (RGB) color space or the like. For example, such YUV data may include three
channels of data with a Y value, a U value, and V value for each pixel of the associated video
frame of video frames 121 and video frames 131. As discussed, in some examples, video frames
121 and video frames 131 may be preprocessed via an image or video processor of the camers
module, a central processor, a graphics processor, or the like. In some examples, video frames
121 and video frames 131 may be preprocessed via a hardware abstraction layer implemented via
GPU 107 and/or a central processor or the like. For example, camera framework 103 may be
implemented via one or more of a camera module, an image preprocessor, GPU 107, and a

central processor.

Furthermore, video pipeline may provide an encoded bitstream 125 and/or an encoded
bitstream 136. Encoded bitstream 125 and encoded bitstream 136 may include any suitable
bitstream data encoded via any suitable encoding standard, encoding technigues, or the like. For
example, encoded bitstream 125 and encoded bitstream 136 may be H.264 advanced video
coding coroplant bitstrearns, H.265 high efficiency video coding compliant bitstreams, or the
like. Encoded bitstream 125 and encoded bitstream 136 may be {urther processed using any
suitable technique or technigues. For example, encoded bitstream 125 and encoded bitstream 136

may be provided to media driver 106 and/or media {ramework 104 where they may be combined

-6-
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with encoded audio to generate packetized elementary streams or the like. Furthermore, encoded
bitstream 125 and encoded bitstrearmn 136 may be saved to a local memory, provided to a local or

remote display for presentment, transmitted to a remote device for storage or display, or the like.

Video pipeline 100 may be implemented via any suitable device such as, for example, a
personal computer, a laptop computer, a tablet, a phablet, a smart phone, a digital camera, a
gaming console, a wearable device, a display device,an all-in-one device, a two-in-one device, or
the like or platform such as a mobile platform or the like. For example, as used herein, a system,
device, compuier, or computing device may include any such device or platform. Furthermore,
video pipeline 100 may be implemented or utilized in a variety of contexts such as a standard
video recording context via standard video processing mode 120, a slow motion video recording
context via slow motion video processing mode 130, or a standard video presentment and slow
motion video recording context implemented via a standard video presentment (not shown) and
slow motion video processing mode 130 {e.g., for slow motion recording). Furthermore, in some
contexts, slow motion video processing mode 130 may be characterized as a slow motion mode,

a slow motion video recording mode, or the hike.

As shown, video pipeline 100 may generate video {rames 121 or video frames 131
depending on a selected mode of operation between standard video processing mode 120 or slow
motion video processing mode 130. For example, mode module 102 may receive a frame capture
rate / mode signal (FCR/MS) 111. For example, FCR/MS 111 may include requested frame
capture rate (e.g., received based on a user input or from an application or the like), a requested

mode signal {e.g., received based on a user input or from an application or the like), or the like.

For example, in the context of a requested {rame capture rate, mode module 102 may
receive the requested frame capture rate and compare it to a threshold frame capture rate to
determine whether video {rames are to be processed via standard video processing mode 120 or
slow motion video processing mode 130. The received requested frame capture rate may be any
suitable {rame capture rate such as 30 fps, 60 {ps, 120 fps, 240 fps, or the like. Furthermore, the
threshold frame capture rate may be a predetermined threshold, a user provided threshold, a
system determined threshold or the like. The threshold frame captore rate may define, based on
the received requested frame capture rate, whether video pipeline 100 implements standard video
processing mode 120 or slow motion video processing mode 130. For example, the threshold
frame capture rate may be 120 {ps such that if a requested {rame capture rate is less than 120 fps,

video pipeline 100 implements standard video processing mode 120 and, if a reenocted frama

-7 -
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capture rate is 120 {ps or more {e.g., not less than 120 {ps), video pipeline 100 implementsslow

motion video processing mode 130,

In the context of a requested mode signal received via FCR/MS 111, mode module 102
may implement standard video processing mode 120 or slow motion video processing mode 130
based on the received signal or indicator {e.g., indicating standard mode or a slow motion mode).
As shown, mode module 102 may provide a batch signal (BS) 112 to frame batching module 103
based on the mode of operation. As shown, in standard video processing mode 120, BS 112 may
turn oftframe batching module 103 such that no frame batching is performed (e.g.. a batch size of
I 1s implemented). In slow motion video processing mode 130, BS 112 may turn ON frame
batching module 105, Furthermore, in slow motion video processing mode 130, BS 112 may
provide a batch size for batching frames for encoding. For example, the batch size may indicate
the number of {rames to be included in each batch of video frames. The batch size may be any

suitable batch size such as two frames, three frames, four frames, or more.

As shown, in standard video processing mode 120, camera framework 103 may
providevideo frames 121 to media framework 104. In some examples, video frames 121 may be
buffered in memory (e.g., via a ring buffer or the like) between processing via camera {ramework
103 and processing via media framework 104. For example, video frames 121 may be input to a
fraroe bufler by camera framework 103 and retrieved {roro the frame butfer by media framewaork
104. As shown, when a frame or frames are retrieved and/or complete processing via media
framework 104, media framework 104 may release surfaces 123 back to camera framework 103

for subsequent frames.

Video frames 121 may be video frames at any resolution {e.g., 720P) and any frame rate
lcss than the frame rate threshold applied via mode module 102 (if applicable) such as 30 {ps, 60
{ps, or the like. Media framework 104 may receive video frames 121 and media framework may
provide video frames 122 to media driver 106, which may provide such frames for encoding via
GPU 107. For example, video frames 122 may be at a resolution and frame rate equal to the
frame rate of video frames 121. For example, video frames 121 and video frames 122 may
provide the same data content but the holders of such content may be different. For example, the
holders of video frames 122 may be provided in a format suitable for submission to media driver
106 and encoding via GPU 107.In sorue examples, video frames 122 may be buffered in memory
{e.g., via a ring buffer or the like) between processing via media framework 104 and processing
via media driver 106. For example, video {frames 122 may be input (o a frame bpffer hu madia
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framework 104 and retrieved from the {rame buffer by media driver 106. As shown, when a
frarne or frames are retrieved and/or complete processing via media driver 106, media driver 106

may release surfaces 124 back to media framework 104 {or subsequent frames.

GPU 107 may receive video frames 122and any control signals for encoding via media
5  drver 106 and GPU may encode video frames 122 to generate cncoded bitstream 125, As
discussed, encoded bitstream may be stored, transmitted, further processed, or the like. As shown,
in standard video processing mode 120, no batching of frames may be performed (e.g., frame

batching module 105 may be off, set a batch size to one, or the like).

Toslow motion video processing mode 130, camera framework 103 may provide video

10 frames 131 to media framework 104. As shown, video {frames 131 may have a higher {rame rate
with respect to video frames 121. As discussed with respect to video fraroes 121, in some
examples, video frames 131 may be buffered in memory {e.g., via a ring buffer or the like)
between processing via camera framework 103 and processing via media framework 104, For
example, video frames 131 may be input to a frame buffer by camera framework 103 and

15 retricved from the frame buffer by media framework 104. As shown, when a frame or frames are
retrieved and/or complete processing via media {ramework 104, media framework 104 may
release surfaces 134 back to camera framework 103 for subsequent frames. For example,
surfaces 134 may be returned as batches after batch processing {(e.g., as discussed further herein)

is completed.

20 Video frames 131 may be video frames at any resolution (e.g.. 720P} and any frame rate
greater than or equal to the frame rate threshold applied via mode module 102 if applicable)
such as 120 fps, 240 {ps, or the like. Media framework 104 may receive video frames 131 and
media framework may provide batches of video frames 132, 133 to media driver 106. For
example, frame batching module 105 may be implemented via media framework 104, as a plug-

25  into media framework 104, or as a scparate module from media framework 104 to generate
batches of video frames 132, 133 based on video frames 131. In some examples, batches of video
frames 132, 133 may include multiple frames of frames 131 based on a batch size implemented
via batch signal 122, In the illustrated example, the batch size is four frames. However, as

discussed, any suitable batch size may be used.

30 As shown, media framework 104 and/or frame batching module 105 may provide batches

of video frames 132, 133 {or encoding via GPU 107, For example, the frames of baiches of video

-9
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frames 132, 133 may be at a resolution egual to the resolution of video frames 131 but the frame
rate may be modified such that a number frames equaling the baich size are provided at a frame
batch rate. In the illustrated example, encode batches of four frames may be provided at 30 {frame
batches per second (e.g., 4x720F at 30 baiches per second). As discussed with respect to video
frames 121, video frames 121 and the video {rames of batches of video frames 132, 133 may
provide the same data content but the holders of such content may be different. For example, the
holders of the video frames of batches of video frames 132, 133 may be provided in a format

suifable for submission to media driver 106 and encoding via GPU 107.

In some examples, batches of video frames 132, 133 may be buffered in memory {(e.g.,
via a ring buffer or the like) between processing via media framework 104 and/or frame batching
module 105 and processing via media driver 106. For example, batches of video frames 132, 133
may be input to a frame buffer by media framework 104 and/or frame batching module 105 and
retrieved from the {rame buffer by media driver 106. As shown, when a {rame or {rames are
retrieved and/or complete processing via media driver 106, media driver 106 may release
surfaces 135 back to media framework 104 and/or frame batching module 105 for subsequent
frames. As shown, in some examples, surfaces 135 may be released in batches having the same
number of surfaces as the number of frames in batches of video frames 132, 133, In other

examples, surfaces 135 may be released on a per frame basis.

GPU 107 may receive batches of video frames 132, 133 and any control signals for
encoding via media driver 106 and GPU 107 may encode baiches of video frames 132, 133 to
generate encoded bitstream 136. For example, GPU 107 may encode baich of video frames 132
during a continuous active state. GPU 107 may enter a sleep state upoun completion of encoding
batch of video frames 132 and GPU 107 may wake {rom the sleep state upon receiving baich of
video frames 133. Forthermore, GPU 107 may enter a sleep state upon completion of encoding
batch of video frames 133, and so on. In some examples, encoded bitstream 136 may be
characterized as a slow motion video cncoded bitstream, a high frame rate video encoded
bitstream, or the like. As discussed, encoded bitstream may be stored, transmitted, further
processed, or the like. Batches of video frames 132, 133 may be encoded using any suitable
technique or technigues. As discussed cach of batches of video frames 132, 133 may be encoded
in a burst mode by batching the video frames and in a continuous active state of GPU 107. In
some examples, baiches of video frames 132, 133 may be encoded in serial (e.g.. on a per [rame

basis). ln other examples, two or more of batches of video frames 132, 133 may be encoded in

10 -
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parallel. As shown, in slow motion video processing mode 130, baiching of {rames may be
performed (e.g., {rame batching module 105 may be ON and rmay have a batch size setting such

as four frames or the like).

As discussed, video pipeline 100 may be operated in a slow motion video processing
mode 130 or a standard video processing mode 120, In some examples, video pipeline 100 may
be operated in slow motion video processing mode 130 and a standard video presentation mode.
For example, video frames 121 or the like may be presented to a user via a display while encoded

bitstream 136 is generated for slow motion video.

Furthermore, video pipeline 100 may implement a threshold frame capture rate (e.g., via
mode module 102 such that slow motion video processing mode 130 is applied if requested
frame capture rate is not less than the threshold frame capture rate) and a batch swize (e.g.,
defining a namber of {rames for batches of video frames 132, 133). Such parameters may be
preset and/or they may be modified during the implementation of video pipeline 100. For
example, modifying such parameters may provide adaptive batch optimization via video pipeline
100. As discussed, the threshold frame capture rate (e.g.. recording frame rate threshold) may be
used to differentiate between slow motion video recording and common or standard video
recording. As discussed, in some examples, the batch mechanisms discussed herein may be

enabled for slow motion video recording.

Furthermore, the batch size parameter may determuine or define the number of {rames
passed to GPU 107 in each batch-wise submission. As discussed, the batch size may be any
suitable number of frames such as foor or the like. For example, in a 120 fps slow motion
recording example, the camera recording stream {(e.g., video frames 131) may output frames at
120 fps and frame batching module 105 (e.g., provided as a plug-in or the like) may buffer the
frames (e.g., video frames 131} and make batch-wise submissions to media driver 106 and GPU
107 at a cadence of one batch (c.g., four frames) every 1/30% of a second. In such examples,

GPU 147 may receive an encode task of four frames of 720P at 30 batches per second.

FI(3. 2 1s a flow diagram illustrating an example process 200 for controlling video
recording and the buffering of video frames, arranged in accordance with at least some
implementations of the present disclosure.Process 200 may include one or more operations 201-
208 as illustrated in FIG. 2. Process 200 may be performed by a device or system (e.g., system

500, system 600, device 700, or any other devices, systems, or subsysterns discussed herein) or

-1
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portions of process 200 may be performed to conirol video recording and buffer video frames.
Process 200 or portions thereof may be repeated for any number of video recording sessiouns, or
the like. Furthermore, process 200 may be performed in conjunction with process 300 to perform

video recording as discussed herein.

FIG. 3 is a flow diagram illustrating an example process 300 for retrieving video frames,
submitting video frames for encoding, and monitoring encoding to release a buffer, arranged in
accordance with at least some implementations of the present disclosure.Process 300 may include
one or more operations 301-309 as illustrated 10 FIG. 3. Process 200 may be performed by a
device or system {e.g., system 500, system 600, device 700, or any other devices, systems, or
subsystems discussed herein) or portions of process 200 may be performed to retrieve video
frames, submit video frames for encoding, and monitor the encoding to release a buffer. Process

300 or portions thereof may be repeated for any number of video frame batches, or the like.

As discussed, process 200 and process 300 may be performed together to provide video
recording as discassed herein. For example, process 200 may provide a main thread and process
300 may provide a worker thread for providing video recording. In some cmbodiments, the main
thread and the worker thread may be provided via a central processor or the like. In some
examples, process 200 and process 300 may be implemented as plug-ins, extensions, or the like
to an existing system process. Furthermore, process 200 and process 200 may provide for

recording in both standard mode and slow motion mode as discussed herein.

Returning to FIG. 2, process 200 may begin at operation 201, “Create Video Recording
Session”, where a video recording session may be created. The video recording session roay be
created using any suitable technigue or techniques. For example, the video recording session may
be initiated by an input received by a user (e.g., via an input device such as a touch screen or the

like) or by a process or application or the like.

Processing may continoe at decision operation 202, “Slow Motion Video Recording
Mode7”, where a determination may be made as to whether processing is to continue in a slow
motion video recording mode or a standard video recording mode. Such a determination may be
made using any suitable technique or techniques. In some embodiments, a user, process,
application, or the like may provide for a mode selection between slow motion or standard
recording or the like. In some embodiments, a user, process, application, or the like may request

a frame capture rate {(e.g., provide a requestied frame capture rate) and, at operation 202, the
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requested frame capture rate may be compared to a threshold {e.g., a threshold frame capture rate}
to determine whether processing is to continue in a slow motion video recording mode or a
standard video recording mode. For example, if the requested frame capture rate is not less than
the threshold frame capture rate, processing may continue in slow motion video recording mode

S5 and, if the requested {rame captuare rate is less than the threshold frame capture rate, processing

may continuc in a standard recording mode.

It standard video recording is selected (e.g.. slow motion video recording is not sclected),
processing may continue at operation 204, “Switch Batch Ot and/or Set Baich Depth to One”,
where batch processing may be switched off and/or a batch depth may be set to one (e.g., set

10 batch_depth=1). For example, turning off batch processing off may effectively set the batch
depth to one as frames, in standard video recording mode, may be submitied for encoding

individually {c.g., with a batch depth of one).

It stow motion video recording is selected at decision operation 202, processing may
coutinue at operation 203, “Switch Batch On and Set Batch Depth”, where batch processing may
15 be switched on and/or a batch depth may be set to a valuc greater than one {¢.g., set
batch_depth=4 or the like). As discussed, the batch depth may be any suitable value such as two
or more. For example, the baich depth may determine the number of frames in an encode batch to

be submitied (o an encoder.

Process 200 may continue {rom operation 203 or operation 204 at operation 203, “Clear
2¢  Bauffer Counter”, where a buffer counter may be cleared. For example, the buffer counter may
maintain a count of the number of fraroes currently in a buffer For example, process 200 may
clear and/or increment the buffer counter and, as discussed further herein, process 300 may read
the buffer counter (and clear the buffer counter). For example, a main thread implementing
process 200 may write the buffer counter and a worker thread implementing process 300 may

25 read the buffer counter {and clear the buffer counter).

Processing may continue at operation 206, “Receive New Input Frame”, where a new
input video frame may be received or retrieved. For example, a new input frame may be received
from a camera, camera module, or the like during the current video recording session. As
discussed, the input video frame may a preprocessed video frame and the input video frame may

30 include any suitable image or video data such as YUV data or the like.



WO 2016/192079 PCT/CN2015/080772

Processing may continue at operation 27, “Increment Buffer Counter”, where the buffer
counter may be incremented based on the new input frame. As discussed, the buffer counter may
maintain a count of the number of frames currently in a buffer such that the buffer counter may

be read as discussed with respect to process 300,

5 Processing may continue at operation 208, “Add Input Frame to Buffer”, where the input
{rame received via operation 206 may be added to a buffer or an intermediate pool or the like.
The input frame may be added to the butfer or intermediate pool using any suitable technique or
techniques. In some exaroples, the buffer may be implemented as a ring buffer or the like
implemented via memory. Furthermore, process 200 may repeat operations 206208 for received

10 input frames. For example, operations 206-208 may buffer one video frame (¢.g.. when in a

standard recording mode) or multiple video frames {e.g., when in a slow motion video recording
mode) for submission for encoding via process 300. Furthermore, as discussed with respect (o
process 300, the buffer counter may be cleared via operation 302 when a submission of video

frames sequence is started.

15 As discussed, process 200 and process 300 may be performed together to provide video
recording. Turning now to FIG. 3, process 300 may begin at decision operation 301, “Buffer
Counter = Batch Depth?”, where a determination may be made as to whether the buffer counter
is equal to the batch depth. For example, the batch depth determined at operation 203 and the
buffer counter provided as discussed with respect to process 200 may be read. The batch depth

20 and the buffer counter may be compared to determine whether they are equal (e.g.,
buffer_counter=batch_depth?). I not, process 300 may continue at decision operation 301 until
the buffer counter reaches the batch depth. As discussed, the batch depth may be any number

such as one {e.g., batching is off) or two or more {e.g., batching is on).

if the buffer counter equals the batch depth, processing may continue at operation 302,
25 “Clear Bufter Counter”, where the buffer counter may be cleared. For example, operations 303
305 may provide a submit video sequence where one video frame {(e.g., when in a standard
recording mode) or an encode batch of multiple video {rames {e.g., when in a slow motion video

recording mode) may be submitted for encoding.

Processing may continue at operation 303, “Feich Fraroe from Buffer”, where a frame
30 may be fetched or retrieved from the buffer or intermediate pool as discussed with respect to

operation 208 of process 200. The frame may be fetched or retrieved using any suitable
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technique or techniques. For example, the {rame may be fetched or retrieved from a ring buffer

or the hike implemented via memory.

Processing may continue at operation 304, “Submit Frame for Encoding”, where the
frame fetched or retrieved via operation 303 may be submitted for encoding. The frame may be
submitted for encoding using any suitable technique or techniques. For example, the frame may
be submitted for encoding via an encoder implemented via a graphics processor. In some
cmbodiments, the frame may be submitted for encoding via a media driver such as media driver

106.

Processing may continue at decision operation 305, “Submussion = Batch Depth?”, where
a determination may be made as to whether the current submission {(e.g., as implemented via a
counter or the like) is equal to the batch depth. If so, processing may continue at operation 306 as
further discussed below. If not, processing may continue at operations 303-305 until all frames
of the current batch are fetched and submitted for encoding. For example, in a standard video
recording mode, one frame may be fetched and submitied via operations 303-305 before process
300 moves to operation 306. In a slow motion video recording mode, operations 303305 may
fetch and submit an encode batch of video frames having a number of video frames equal to the
batch depth. Operations 303-305 may fetch and submit such video frames sequentially {e.g., in
relatively rapid succession) as discussed or sach an encode baich may be {eiched, held, and

submitted together for encoding.

The encoding of such frames may be performed via an encoder as discussed herein. Such
encoding roay be monttored via operation 306 for example as is discussed further herein. Such
encoding may be performed while another subsequent encode batch is being buffered for
processing. For example, a subsequent encode batch may be generated via operations 206208 at
least partially during the encoding of the current encode batch. Furthermore, apon completion of
the current encode batch, the processor {e.g., a graphics processor or the like) may enter a sleep
state. As discussed, the provided batching in the slow motion video recording mode may provide
longer continuous durations of idle time for the processor, which may allow the processor to

enter a deeper sleep state. Such deeper sleep state durations may provide for lower power usage.

Based on the subsequent batch being buffered and/or a timing signal, the processor may
be woken {rom its sleep state for processing of the subsequent batch. For example, the

subsequent batch may be completely buffered at a timing of the batch depth over the frame rate
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{e.g., 4/120 seconds for the example of a batch depth of 4 and a {rame rate of 120 fps) such that
every 33.3 ms a new encode baich is provided to the encoder. Furthermore, i the encoder
requires less than about 10 ms to encode each batch, the processor providing the encoding may
enter a sleep state for more than about 23 ms {¢.g., the baich depth over the frame rate less the

encode duration for the batch).

Processing may continue at operation 306, “Query for Encoding Task Status”, where the
encoding task status of the encode batch may be queried and/or monitored. The encoding task
status may be monitored using any suitable techuique or technigues such as monitoring task

completion of an encoder as implemented by GPU 107 via media driver 106 or the like.

Processing may continue at decision operation 307, “Any Frame in Baich Done””, where
a determination may be made as to whether any frame in the current batch has completed
encoding. If not, processing may continue at operations 306 and 307 until a frame completes

cncoding.

If so, processing may continue at operation 308, “Output Encoded Frame and Release
Buffer”, where the completed encoded frame may be outputted and the surface or buffer portion
or the like associated with the completed frame may be released. For example, the completed
encoded frame roay be outputted as an encoded bitstrearn {o be stored via memory, traosmitted,
or the like. In some examples, the completed frame may be added to a video container or the like.
Farthermore, the encoded bitstream may be subsequently decoded for presentment o a user
locally {e.g., on the same device implementing processes 200 and 300) or remotely (e.g., viaa
remote device). The buffer portion or frame or surface or the like associated with the completed
frame may be released such that a subsequent video frame may occupy it. For example, the
buffer portion of the memory may be released back to a camera, a camera module, a media

framework, a camera framework, or the ike.

Processing may continge at decision operation 309, “All Frames in Batch Done?”, where
a determination may be made as to whether all frames in the current batch have completed
encoding. If not, processing may continue at operations 306-309 until all frames complete
encoding. In the example of standard video recording, since the batch size is one, decision
operation 307 and decision operation 309 may provide the same result and decision operation

309 may optionally be skipped.
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If so, processing may continue at decision operation 301 as discussed herein. For example,
the buffer counter cleared at operation 302 may have been incremenied via operation 207 of
process 200 as one or more {rame(s) are received {e.g., via operation 206) and added to the input

frame buffer (e.g., via operation 208), please refer to FIG. 2.

As discussed, processes200 and 300 may provide adaptive batching of encode tasks for
stow motion video recording and single batch {(e.g., batching off) processing of encode tasks for
standard video recording. Processes200 and 300 may be performed simultanecusly and/or in
serial to provide such video recording processing. Furthermore, some portions of either process
200 or process 300 or both may be performed in paraliel to provide such video recording
processing. In some examples, processes200 and 300 may be provided as a main thread and

aworker thread, respectively as implemented via a central processor to control video recording.

The techniques discussed herein may provide substantial power savings. For example,
without the described batching, an example slow motion recording of 720P frames at 120 fps
may provide a workload to the processor implementing the encoder (e.g., a GPU) about every 8.3
ms {e.g., a /120 {ps duty cycle). In each 8.3 ms duty cycle, one frame of 720P encoding may
finish in about 3 ms allowing the processor to idle for the remaining 5.3 ms. Furthermore, such
processing may not allow for concurrency between encode tasks on different engines of the

PrOCessor.

Using the adaptive batching techniques discussed herein and continuing the example of
slow motion recording of 720P frames at 120 {ps, the encoder processor workload may be
batched for every four (e.g.. the batch depth) continuous frames Furthermore, parallel processing
may be provide for two or more of the baiched frames and concurrency may occur on such
encode tasks between engines of the processor. For example, for every four continuous framcs,
encoding tasks may be completed in about <10 ms providing the processor an idle time of >23

ms. Table | illastrates processor residency benefits provided via the techniques discussed herein.

GPU C State Residency | Without Batching | With Batching
RENDER CO 59.9% 40.4%
RENDER C1 3.8% 4.2%
RENDER C6 36.2% 55.1%
MEDIA CO 41.0% 27.6%
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MEDIA Cl 4.0% 4.9%
MEDIA C6 64.9% 77.2%

Table 1 GPU Residency Benefit from Batching in 720P, 120{ps video recording

As shown in Table 1, the processor implementing encoding (e.g. GPU 107 or the like)
may reside in power state (e.g., C State) render CO a substantially lower percentage of time (e.g.,
40.4% as compared to 39.9%) and in deep sleep power state render C6 a substantially greater
percentage of time {e.g., 55.1% as compared to 36.2%) as compared to operation without
batching. Similarly, the processor may reside in power state media CO a substantially lower
percentage of time (e.g.. 27.6% as compared to 41.0%) and in deep sleep power state media C6 a
substantially greater percentage of time (e.g.. 77.2% as compared to 64.9%) as compared to
operation without batching. Such residency data evidence substantial power consumption
improverment of the processor and therefore the device implementing the batching discussed

herein.

FIG. 4 is a flow diagram illustrating an example process 400 for adaptively batching
encode tasks for slow motion video recording, arranged in accordance with at least some
implementations of the present disclosure. Process 400 may include one or more operations 401-
403 as illustrated in FIG. 4. Process 400 may form at least part of a slow motion video recording
process. By way of non-limiting example, process 400 may form at least part of a video
compositing process as performed by any device or system as discussed herein. Furthermore,

process 400 will be described herein with relerence to system 500 of FIG. 5.

FIG. 5 is an illustrative diagram of an example system 500 for adaptively balching encode
tasks for slow motion video recording, arranged in accordance with at least some
implementations of the present disclosure. As shown in FIG. 5, system 500 may include a central
processor 301, a graphics processor 502, memory 503, a display 504, and a transmitter 505. Also
as shown, central processor 301 may include or implernent mode module 102, camera framework
103, media framework, 104, frame batching module 105, and media driver 106, graphics
processor 502 may include or implement an encoder 521, and memory 503 may include frame
buffer 531. In the exarple of system 500, memory 303 may also store video data or related

content such as pixel data, control data, and/or any other data as discussed herein.
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As shown, in some examples, mode module 102, camera framework 103, media
fraroework, 104, fraroe batching module 105, and media driver 106 may be implemented via
central processor 501, In other examples, one or more or portions mode module 102, camera
framework 103, media framework, 104, frame batching module 105, and media driver 106 may
be implemented via graphics processor 532, or another processing unit. Furthermore, as shown,
in some examples, encoder 521may be implemented via graphics processor 502. In other
examples, encoder 521 or portions thereof may be implemented via central processor 501, or

another processing unit.

Graphics processor 502 may include any number and type of graphics processing units
that may provide the operations as discussed herein. Such operations may be implemented via
software or hardware or a combination thereof. For example, graphics processor 502 may include
circuitry dedicated to manipulate video {rames, video data, image data or the like obtained from
memory 503. Central processor 501 may include any namber and type of processing units or
modules that may provide control and other high level functions for system 500 and/or provide
any operations as discussed herein. Memory 503 may be any type of memory such as volatile
memory {e.g., Static Random Access Memory (SRAM), Dynamic Random Access Memory
(DRAM), etc.y or non-volatile memory (e.g., flash memory, etc.), and so forth. In a non-himiting

example, memory 503 may be implemented by cache memory.

In an embodiment, encoder 521 or portions thereof may be implemented via an execution
unit (EU) of graphics processor 502. The EU may include, for example, programmable logic or
circuitry such as a logic core or cores that may provide a wide array of programmable logic
functions. In an embodiment, encoder 521 or portions thereol may be implemented via dedicated
hardware such as {ixed function circuitry or the hike. Fixed function circuitry may include
dedicated logic or circuitry and may provide a sct of fixed function entry points that may map to

the dedicated logic for a fixed purpose or function.

Returning to discussion of FIG. 4, process 400 may begin at operation 401, “Buffer Video
Frames to Generate an Encode Batch”, where, in a slow motion video recording mode, multiple
video frames may be buffered to generate an encode batch including the muliiple video frames.
For example, frame batching module 105 as implemented via central processor 501 may store the
multiple input frames to frame buller 531 as implemented via memory 303 to generate the

encode batch including the multiple video frames.
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In some examples, prior to operation 401, process 400 may include entering the slow
motion video recording mode based on a requested frame capture rate and a threshold {rame
capture rate. For example, the slow motion video recording mode may be entered based on the
requested frame capture rate being not less than the threshold frame capture rate. For example,
mode module 102 as implemented via central processor 501 may determine the slow motion
video recording mode based on the requested frame capture rate and the threshold frame capture
rate. In other examples, entering the slow motion video recording mode may be based on a slow
motion video recording request signal. For example, mode module 102 as implemented via
central processor 5301 may determine the slow motion video recording mode based on the

received the slow motion video recording request signal.

Furthermore, in some examples, prior to operation 401, process 400 may include setting a
batch size associated with the encode batch, wherein the batch size may determine a number of
video frames in the multiple video frames. As discussed, the batch size may inclade any number
of video frames such a four video {rames or the like. For example, a user selection or an
application or the like may generate an indication of the batch size, which may be detected and

set via mode module 102 or another module of central processor 301,

Processing may continue at operation 402, “Submit the Encode Baich for Encoding”,
where the encode batch including the multiple video {rames may be submitted for encoding. For
example, the encode batch may be submitted by media driver 106 as implemented via ceniral
processor 501 for encoding vie encoder 321 as implemented via graphics processor 502. The
encode batch may be submitted for encoding using any suitable technique or techniques. For
example, the multiple video frames of the encode may be submitted sequentially or they may be

submitted together.

Processing may continue at operation 403, “Encode the Encode Batch to Generate an
Encoded Bitstream”, where the encode batch may be encoded to generate an encoded bitstream.
For example, encoder 521 as implemented via graphics processor 302 may encode the encode
batch to generate the encoded bitstream. The multiple frames of the encode batch may be
encoded in series ot in parallel. For example, two or more of the multiple frames may be encoded
in parallel. Furthermore, the multiple frames of the encode batch may be encoded during a
continuous active state of graphics processor 502 (e.g., graphics processor 502 may not enter a

sleep state during the encode of the multiple frames).
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In some examples, prior to operation 403 or as a part of operation 403, the processor
implementing encoder 521 (e.g., graphics processor 502) may woken from a sleep state. For
example, process 400 may wake graphics processor 502 from the sleep state based on the encode
batch. Graphics processor 502 may be awoken from any suitable sleep state such as a C6 sleep
state or the like to any active state such as C0 active state or the like. Furthermore, in some
cxamples, the processor implementing encoder 521 (e.g., graphics processor 502) may be entered
into a sleep state (e.g., a C6 sleep state or the like) upon completion of the encode batch. For
example, the processor implementing encoder 521 {e.g., graphics processor 502} may be awoken
from the sleep state based on a subsequent encode batch, entered into a sleep state based on

completion of the subsequent encode batch, and so on.

Furthermore, as discussed herein, during operation 403 or at least partially during
operation 403, a subsequent encode batch may be buffered as discussed with respect to operation
401. For example, after starting the encode of the current encode batch, a subsequent {irst frame
of the subsequent cncode batch may be buffered either before the encode of the of the current
encode baich has {inished or after the encode of the carrent encode batch has finished. Such
buffering may continue {(¢.g., while the processor implementing encoder 521 is in a sleep state)
until the batch size is met. The subsequent encode batch may then be submitted for encoding and
the processor implementing encoder 521 may be brought to an active state o encode the

subsequent encode batch during a continuous active state of the processor.

As discussed herein, in some embodiments, process 400 may include implementing a
main thread to provide the buffering of the plurality of video frames to generate the encode baich
comprising the multiple video frames. For example, the main thread may be implemented via
central processor S01. In some examples, the main thread may add each of the video frames to a
butfer to gencrate the encode batch and increase a buffer counter based on adding cach of the

video frames as discussed herein with respect to process 200.

Furthermore, process 400 may include implementing a worker thread to provide the
submitting of the encode batch including the multiple video frames for encoding and to monitor
the encoding of the encode batch. For example, the worker thread may be implemented via
central processor 501. In some examples, the worker thread may fetch the video frames from the
buffer based on the buffer counter reaching a baich depth associated with the encode baich,

provide the video frames to a graphics processor for encoding, and, upon a first frame of the
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video frames completing encoding, release a buffer portion of the buffer associated with the first

fraroe as discussed herein with respect to process 300,

Process 400 may be repeated any number of times cither in series or in parallel for any
number encode operations, video frames, video frame batches, video recording sessions, or the
like. As discussed, process 400 may provide for adaptively batching encode tasks for slow
motion video recording. For example, the discussed techniques for batching encode tasks may

provide computationally efficient and low power slow motion video recording.

Various components of the systems described herein may be implemented in software,
firmware, and/or hardware and/or any combination thereof. For example, various components of
video pipeline 100, system 500, system 600, or device 700 may be provided, at least in part, by
hardware of a computing System-on-a-Chip (5oC) such as may be found in a computing system
such as, for example, a smart phone. Those skilled in the art may recognize that systems
described herein may include additional components that have not been depicted in the
corresponding figares. For example, the systems discussed herein may include additional
components such as bit strearn multiplexer or de-multiplexer modules and the like that have not

been depicted in the interest of clarity.

While implementation of the example processes discussed herein may inclode the
undertaking of all operations shown in the order illustrated, the present disclosure is not limited
in this regard and, in various examples, impleroentation of the example processes herein may
include only a subset of the operations shown, operations performed in a different order than

illustrated, or additional operations.

In addition, any one or more of the operations discussed herein may be undertaken in
response to instructions provided by one or more computer program products. Such program
products may include signal bearing media providing instructions that, when executed by, for
example, a processor, may provide the functionality described herein. The computer program
products may be provided in any form of one or more machine-readable media. Thus, for
example, a processor including one or more graphics processing unit(s) or processor core(s) may
undertake one or more of the blocks of the example processes herein in response to program code
and/or instructions or instruction sets conveyed to the processor by one or more machine-
readable media. In general, a machine-readable medium may convey software in the form of

program code and/or instructions or instruction sets that may canse any of the devices and/or
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systems described herein to implement at least portions of process 200, process 300, process 400
or any operations discussed herein and/or any portions of video pipeline 100, system 500, system

600, or device 700, or any other module or component as discussed herein.

As psed in any implementation described herein, the term “module” refers to any
combination of software logic, firmware logic, hardware logic, and/or circuitry configured to
provide the fanctionality described herein. The software may be embodied as a software package,
code and/or instruction set or instructions, and “hardware”, as used in any implementation
described herein, may include, for example, singly or in any combination, hardwired circuiiry,
programmable circuitry, state machine circuitry, fixed function circuitry, execution unit circuitry,
and/or firmware that stores instructions executed by programmable circuitry. The modales may,
collectively or individually, be embodied as circuitry that forms part of a larger system, for

example, an integrated circuit (JC), system on-chip (SoC), and so forth.

FIG. 6 is an illustrative diagram of an example system 600, arranged in accordance with
at least some implementations of the present disclosure. In various implementations, system 600
may be a media syster although system 600 is not limited to this context. For example, system
600 may be incorporated into a personal computer (PC), laptop computer, ultra-laptop computer,
tablet, touch pad, portable computer, handheld computer, palmtop computer, personal digital
assistant (PDA), cellular telephone, combination cellular telephone/PDA, television, smart device
(e.g.. smart phone, smart tablet or smart television), mobile internet device (MID), messaging
device, data communication device, cameras {e.g. pownt-and-shoot cameras, super-zoom cameras,

digital single-lens reflex (DSLR) cameras), and so forth.

In various implementations, system 600 includes a platform 602 coupled to a display 620.
Platform 602 may receive content from a content device such as content services device(s) 630 or
content delivery device(s) 640 or other similar content sources. A navigation controller 650
including one or more navigation featurcs may be used to interact with, for example, platform

602 and/or display 620. Each of these components is described in greater detail below.

In various implementations, platform 602 may include any combination of a chipset 605,
processor 610, memory 612, antenna 613, storage 614, graphics subsystem 615, applications 616
and/or radio 618, Chipset 605 may provide intercommunication among processor 610, memory

612, storage 614, graphics subsystem 615, applications 616 and/or radio 618. For example,
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chipset 605 may include a storage adapter (not depicted) capable of providing

intercomumunication with storage 614,

Processor 610 may be immplemented as a Complex Instruction Set Computer (CISC) or
Reduced Instruction Set Computer (RISC) processors, X86 instruction set compatible processors,
multi-core, or any other microprocessor or central processing unit (CPU). In various
implementations, processor 610 may be dual-core processor(s), dual-core mobile processor(s),

and so forth.

Memory 612 may be implemented as a volatile memory device such as, but not limited to,
a Random Access Memory (RAM), Dynamic Random Access Memory (DRAM), or Static RAM
(SRAM).

Storage 614 may be implemented as a non-volatile storage device such as, but not limited
to, a magnetic disk drive, optical disk drive, tape drive, an internal storage device, an attached
storage device, {lash memory, battery backed-up SBRAM (synchronous DRAM), and/or a
network accessible storage device. In various implementations, storage 614 may include
technology to increase the storage performance enhanced protection for valuable digital media

when multiple hard drives are included, for example.

Graphics subsystem 015 may perform processing of images such as still or video for
display. Graphics subsystern 615 may be a graphics processing unit {GPU) or a visual processing
unit (VPU}, for example. An analog or digital interface may be used to communicatively couple
graphics subsystem 615 and display 620. For example, the interface may be any of a High-
Definition Multimedia Interface, DisplayPort, wireless HDMI, and/or wireless HD compliant
techniques. Graphics subsystem 615 may be inlegrated into processor 610 or chipset 605. In
some implementations, graphics subsystem 615 may be a stand-alone device communicatively

coupled to chipset 605.

The graphics and/or video processing techniques described herein may be implemented in
various hardware architectares. For example, graphics and/or video functionality may be
integrated within a chipset. Alternatively, a discrete graphics and/or video processor may be used.
As still another iroplementation, the graphics and/or video {unctions may be provided by a
general purpose processor, including a multi-core processor. In further embodiments, the

functions may be implemented n a consurmer electronics device.
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Radio 618 may include one or more radios capable of transmitting and receiving signals
using various suitable wireless communications techniques. Such techniques may involve
communications across one or more wireless networks. Example wireless networks inclade (but
are not limited to) wireless local area networks (WL ANSs), wireless personal arca networks
(WPANSs), witeless metropolitan area network (WMANs), cellular networks, and satellite
networks. In communicating across such networks, radio 618 may operate in accordance with

one or more applicable standards in any version.

o various implementations, display 620 may include any television type mounitor or
display. Display 620 may include, for example, a computer display screen, touch screen display,
video monitor, television-like device, and/or a television. Display 620 may be digial and/or
analog. In various implementations, display 620 may be a holographic display. Also, display 620
may be a transparent surface that may reccive a visual projection. Such projections may convey
various forms of information, images, and/or objects. For example, such projections may be a
visual overlay for a mobile augmented reality (MAR) application. Under the control of one or

more software applications 616, platform 602 may display user interface 622 on display 620.

In various implementations, content services device(s) 630 may be hosted by any national,
international and/or independent service and thus accessible to platform 602 via the Internet, for
example. Content services device(s) 630 may be coupled to platform 602 and/or to display 620.
Platform 602 and/or content services device(s} 630 may be coupled to a network 660 o
communicale {(e.g.. send and/or receive) media information to and from setwork 660. Content

delivery device(s) 640 also may be coupled to platform 602 and/or to display 620.

In varicus implementations, content services device(s} 630 may include a cable television
box, personal computer, network, telephone, Internet enabled devices or appliance capable of
delivering digital information and/or content, and any other similar device capable of uni-
directionally or bi-directionally communicating content between content providers and platform
602 and/display 620, via network 660 or directly. It will be appreciated that the content may be
communicated uni-directionally and/or bi-directionally to and from any one of the components in
system 600 and a content provider via network 660. Examples of content may include any media

information including, for example, video, music, medical and gaming information, and so forth.

Content services device(s) 630 may receive content such as cable television programming

including media information, digital information, and/or other content. Examples of content
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providers may include any cable or satellite television or radio or Internet content providers. The
provided examples are not meant to Hmit implementations in accordance with the present

disclosure in any way.

in various implementations, platform 602 may receive conirol signals from navigation
controller 650 having one or more navigation features. The navigation features of controller 650
may be used to interact with user interface 622, for example. In various embodiments, navigation
controller 650 may be a pointing device that may be a computer hardware component
(specifically, a human interface device) that allows a user to input spatial (e.g., continuous and
muiti-dimensional) data into a computer. Many systems such as graphical user interfaces (GUI),
and televisions and mounitors allow the user to control and provide data {o the computer or

television using physical gestures.

Movements of the navigation features of controller 650 may be replicated on a display
{c.g., display 620) by movements of a pointer, cursor, focus ring, or other visual indicators
displayed on the display. For example, under the control of software applications 616, the
navigation featurcs located on navigation controller 650 may be mapped to virtual navigation
features displayed on user interface 622, for example. In various embodiments, controller 630
may not be a separate component but may be integrated into platform 602 and/or display 620.
The present disclosure, however, 1s not himited {o the elements or in the context shown or

described herein.

In various implementations, drivers (not shown) may include technology to enable users
to instantly turn on and off platform 602 like a television with the touch of a bution after imtial
boot-up, when enabled, for example. Program logic may allow platform 602 to stream content to
media adaptors or other content services device(s) 630 or content delivery device(s) 640 even
when the platform is turned “of{.” In addition, chipset 605 may include hardware and/or software
support for 5.1 surround sound audio and/or high definition 7.1 surround sound audio, for
example. Drivers may include a graphics driver for integrated graphics platforms. In various
embodiments, the graphics driver may include a peripheral component interconnect (PCl)

Express graphics card.

o various implementations, any one or more of the components shown 1n system 600
may be integrated. For example, platform 602 and content services device(s) 630 may be

integrated, or platform 602 and content delivery device(s) 640 may be mdegrated, or platform 602,
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content services device(s) 630, and content delivery device(s) 640 may be integrated, for
example. In various embodiments, platform 602 and display 620 may be an integrated voit,
Display 620 and content service device(s) 630 may be integrated, or display 620 and content
delivery device(s) 640 may be integrated, for cxample. These examples are not meant to limit the

present disclosure.

In various embodiments, system 600 may be implemented as a wireless system, a wired
system, or a combination of both. When implemented as a wireless system, system 600 may
inclade components and interfaces suitable for communicating over a wireless shared media,
such as one or more antennas, transmitters, receivers, transceivers, amplifiers, filters, control
logic, and so forth. An exarple of wireless shared media may include portions of a wireless
spectrum, such as the RF spectrum and so forth. When implemented as a wired system, system
600 may include components and interfaces suitable for communicating over wired
communications media, such as input/output (I/O) adapters, physical connectors to connect the
/0 adapter with a corresponding wired communications medium, a network interface card (NIC),
disc controller, video controller, audio controller, and the like. Examples of wired
communications media may include a wire, cable, metal leads, printed circuit board (PCB),
backplane, switch fabric, semiconductor material, twisted-pair wire, co-axial cable, {iber optics,

and so forth.

Platform 602 may establish one or more logical or physical channels to communicate
information. The information may inchude media information and conirol information. Media
information may refer to any data representing content meant for a user. Examples of content
may include, for example, data from a voice conversation, videoconference, streaming video,
electronic mail ("email”) message, voice mail message, alphanumeric syimbols, graphics, image,
video, text and so forth. Data from a voice conversation may be, for example, speech information,
stlence periods, background noise, comfort noise, tones and so forth. Control information may
refer to any data representing commands, 1nstructions or control words meant for an automated
system. For example, control information may be used to route media information through a
systern, or instruct a node to process the media information in a predetermined manner. The
embodiments, however, are not limited to the elements or in the context shown or described in

F1G. 6.

As described above, system 600 may be embodied in varying physical styles or form
factors. FIG. 7 illustrates an example small form factor device 700, arranged in porordance with
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at least some implementations of the present disclosure. In some examples, system 600 may be
implemented via device 700. To other examples, video pipeline 100, system 500, or portions
thereof may be implemented via device 700. In various embodiments, for example, device 700
may be implemented as a mobile computing device a having wireless capabilities. A mobile
computing device may refer to any device having a processing system and a mobile power source

or supply, such as one or more batterics, for example.

Examples of a mobile computing device may include a personal computer (PC), laptop
computer, ulira-laptop computer, tablet, touch pad, portable computer, handheld computer,
palmtop computer, personal digital assistant (PFDA), cellular telephone, combination cellular
telephone/PDA, smart device {(e.g., smart phone, smart tablet or smart mobile television), mobile

internet device (MID), messaging device, data communication device, cameras, and so forth.

Examples of a mobile computing device also may include computers that are arranged to
be worn by a person, such as a wrist computers, finger computers, ring computers, eyeglass
computers, belt-clip computers, arm-band computers, shoe computers, clothing computers, and
other wearable computers. In various cmbodiments, for example, a mobile computing device
may be implemented as a smart phone capable of executing computer applications, as well as
voice communications and/or data communications. Although some embodiments may be
described with a mobile computing device implemented as a smart phone by way of example, it
may be appreciated that other embodiments may be implemented using other wireless mobile

compuiing devices as well. The embodiments are not limited in this context.

Asshown 1o FIG. 7, device 700 may include a housing with a {ront701 and a back 702,
Device 700 includes adisplay 704,an input/output (VO) device 706, and an integrated anienna
708.Device 700 also may include navigation features 712, YOdevice 706 mayinclude any
suitable /O device for entering information into a mobilecomputing device. Examples for /O
device 706may include an alphanumerickeyboard, a numeric keypad, a touch pad, input keys,
buttons, switches,microphones, speakers, voicerecognition device and software, and so
forth.Information alsc may be entered into device 700 by way of microphone (notshown), ormay
be digitized by a voice recognition device. As shown, device 700 may include a camera 705(e.g.,
including a lens, an aperture, and an imaging sensor) and a flash 710 integrated into back 702 (or
elsewhere) of device 700. In other examples, camera 705 and flash 710 may be integrated nto
front 701 of device 700 or both front and back cameras may be provided. Camera 705 and flash
710 may be components of a cameramodule to originate image data processed intn
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streamingvideo that is output o display 704 and/or communicated remotely from device 700 via

antenna 708 for example.

Various embodiments may be implemented using hardware elements, software elements,
or a combination of both. Examples of hardware elements may include processors,

5 microprocessors, circuits, circuit clements (e.g., transistors, resistors, capacitors, inductors, and
so forth), integrated circuits, application specific integrated circuits (ASIC), programmable logic
devices (PLD), digital signal processors (DSP), field programmable gate array (FPGA), logic
gates, registers, senuconductor device, chips, microchips, chip sets, and so {orth. Examples of
software may include software components, programs, applications, computer programs,

10 application programs, system programs, machine programs, operating system software,
middleware, firmware, software modules, routines, subroutines, functions, methods, procedures,
software interfaces, application program interfaces (AP, instruction sets, computing code,
computer code, code segments, computer code segments, words, values, symbols, or any
combination thercof. Determining whether an embodiment is implemented using hardware

15 elements and/or software elements may vary in accordance with any number of factors, such as
desired computational rate, power levels, heat tolerances, processing cycle budget, input data
rates, output data rates, memory resources, data bus speeds and other design or performance

constraints.

One or more aspects of at least one embodiment may be implemented by representative
20 instroctions stored on a machine-readable medivm which represents various logic within the
processor, which when read by a machine causes the machine to fabricate logic to perform the
techniques described herein. Such representations, known as IP cores may be stored on a tangible,
machine readable medium and supplied to various customers or manufacturing facilities to Joad

into the fabrication machines that actually make the logic or processor.

25 While certain features set forth herein have been described with reference to various
implementations, this description is not intended to be construed in a limiting sense. Hence,
various modifications of the implementations described herein, as well as other implementations,
which are apparent to persons skilled in the art to which the present disclosure pertains are

deemed to lie within the spirit and scope of the present disclosure.

30 In one or more first embodiments, amethod {or adaptively batching encode tasks for slow

motion video recording comprises buffering. 1o a slow motion video recording meode, a plurality
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of video frames o generate an encode batch comprising the plurality of video frames, submitting
the encode batch comprising the plarality of video frames for encoding, and encoding the encode

batch to generate an encoded bitstream.

Further to the first embodiments, the method farther comprises buffering, at least partially
during the encoding of the encode batch. a second plurality of video framcs to generate a second

encode batch comprising the second plurality of video frames.

Further to the first embodiments, encoding the encode batch comprises encodingthe
encode batch via a graphics processor and the method further comprises waking the graphics
processor from a sleep state based on the encode batch, wherein encoding the encode batch

comprises encoding during a continuous active state of the graphics processor.

Further to the first embodiments, encoding the encode batch comprises encodingthe
encode batch via a graphics processor and the method further comprises waking the graphics
processor from a sleep state based on the encode batch, wherein encoding the encode batch
comprises encoding during a continuous active state of the graphics processor, buffering, at least
partially during the encoding of the encode batch, a second plurality of video frames to generate
a second encode batch comprising the second plurality of video frames, entering the graphics
processor nto a second sleep state upon completion of the encode batch, and waking the graphics
processor from the second sleep state based on the second encode batch, wherein encoding the
second encode batch comprises encoding during a second continnous active state of the graphics

Processor.

Further to the first embodiments, the method further comprisesentering the slow motion
video recording mode based on a requested frame capture rate being ot less than a threshold

frame capture rate.

Further to the first embodiments, the method further comprisesentering the slow motion

video recording mede based on a slow motion video recording request signal.

Further to the first embodiments, the method further comprisessetting a batch size
associated with the encode batch, wherein the batch size determines a number of video frames in

the plurality of video frames.
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Further {o the first embodiments, the method further comprisesentering the slow motion
video recording mode based on a requested frame capture rate being not less than a threshold
frame capture rate or entering the slow motion video recording mode based on a slow motion
video recording request signal and/or setting a batch size associated with the encode baitch,

wherein the batch size determines a number of video frames in the plurality of video frames

Further to the first embodiments, the method further comprises implementing a main
thread to provide the buffering of the plurality of video frames to generate the encode batch
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch comprising the plurality of video frames for encoding and to

monitor the encoding of the encode batch.

Further o the {irst embodiments, the method further comprises irmoplementing a main
thread to provide the buffering of the plurality of video {rames to generate the encode batch
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch comprising the plarality of video frames for encoding and to
monitor the encoding of the encode batch, wherein the main thread is to add cach of the video
frames to a buffer to generate the encode batch and to increase a buffer counter based on adding

cach of the video frames.

Further to the first embodiments, the method further comprises implementing a main
thread to provide the bulfering of the plurality of video frames to generate the encode batch
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch coroprising the plurality of video frames for encoding and to
monitor the encoding of the encode batch, wherein the main thread is to add each of the video
frames to a buffer to generate the encode batch and to increase a buffer counter based on adding
each of the video frames and the worker thread is to fetch the video frames {rom the buffer based
on the buffer counter reaching a batch depth associated with the encode batch and provide the

video frames to a graphics processor for encoding.

Further to the first embodiments, the method further comprises implementing a main
thread to provide the buffering of the plurality of video {rames to generate the encode batch
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch comprising the plurality of video frames for encoding and to

monitor the encoding of the encode balch, wherein the main thread is to add each of the video
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frames to a buffer to generate the encode batch and to increase a buffer counter based on adding
each of the video frames and the worker thread 1s to fetch the video frames {rom the bulfer based
on the buffer counter reaching a batch depth associated with the encode batch and provide the
video frames to a graphics processor for encoding, wherein the worker thread is further to, upon
a first frame of the video frames completing encoding, release a buffer portion of the buffer

associated with the first frame.

Further to the first embodiments, the method further comprises implementing a main
thread to provide the bulfering of the plurality of video frames to generate the encode batch
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch coroprising the plurality of video frames for encoding and to
monitor the encoding of the encode batch, wherein the main thread is to add each of the video
frames to a buffer to generate the encode batch and to increase a buffer counter based on adding
each of the video frames and/or wherein the worker thread is to fetch the video {rames from the
butfer based on the buffer counter reaching a batch depth associated with the encode batch and

provide the video {rames o a graphics processor for encoding.

Further to the {irst embodiments, submitting the encode batch comprises sequentially

submitting the plurality of video frames of the encode batch.

Further {o the first embodiments, encoding the encode batch comprises encoding two or

more of the plurality of video frames in parallel.

o one or more second embodiments, a system for adaptively batching encode tasks for
slow motion video recording comprises a memory comprising a buffer for storing video frames, a
central processor coupled to the memory, the ceniral processor to, in a slow motion video
recording mode, storeto the buffer a plurality of video frames to generate an encode batch
comprising the plurality of video frames, and a graphics processor to encode the encode batch

during a continuous active state of the graphics processor to generate an encoded bitstream.

Further to the second embodiments, the central processor 1s further to store to the buffer,
at least partially during the encode of the encode batch, a second plurality of video frames to

generate a second encode balch comprising the second plurality of video {rames.

Further to the second embodiments, the ceniral processor is further to store to the buffer,

at least partially during the encode of the encode batch, a second plurality of video frames to
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generate a second encode batch comprising the second plurality of video frames and the graphics
processor is further to enter a sleep state upon completion of the encode batch and to wake from

the sleep state based on the second encode batch.

Fuarther to the second embodiments, the central processor is further to enter the slow
motion video recording mode based on a requested frame capture rate being not less than a

threshold frame capture rate.

Further to the second embodiments, the central processor is further to enter the slow

motion video recording mode based on a slow motion video recording request signal.

Further to the second embodiments, the central processor is further toset a batch size
associated with the encode hatch, wherein the bateh size determines a number of video frames in

the plurality of video frames.

Further to the second embodiments, the central processor is further toimplement a main
thread to add the video frames to the buffer to generate the encode batch comprising the plurality
of video frames and to imiplement a worker thread to submit the encode batch comprising the

plurality of video framcs to the graphics processor and to monitor the encode of the encode batch.

Further to the second embodiments, the central processor is further toimplement a main
thread to add the video frames to the buffer to generate the encode batch comprising the plurality
of video frames and to implement a worker thread to submit the encode batch comprising the
plurality of video {rames to the graphics processor and to monulor the encode of the encode batch,
wherein the central processor is further to, via the main thread, increase a buffer counter based on
an addition of each of the video frames, and to, via the worker thread, fetch the video frames
from the buffer based on the buffer counter reaching a batch depth associated with the encode

batch.

Further to the second embodiments, the central processor is further toimplement a main
thread to add the video {rames to the buffer to generate the encode batch comprising the plurality
of video frames and to implernent a worker thread to submit the encode batch comprising the
plurality of video frames to the graphics processor and to monitor the encode of the encode baitch,
wherein the central processor is further {o, via the main thread, increase a buifer counter based on
an addition of each of the video frames and, upon encode completion of a first frame of the

plurality of video frames, release a buffer portion of the buffer associated with the first frame,
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and to, via the worker thread, fetch the video frames from the buffer based on the buffer counter

reaching a batch depth associated with the encode batch.

Further to the second embodiments, the central processor is further toimplement a main
thread to add the video frames to the buffer to generate the encode batch comprising the plorality
of video tframes and to increase a buffer counter based on an addition of each of the video frames,
and the central processor is further to 1mplement a worker thread to submit the encode batch
comprising the plurality of video frames to the graphics processor, to monitor the encode of the
encode batch, and to fetch the video frames from the buffer based on the buffer counter reaching

a batch depth associated with the encode batch.

Further to the second embodiments, the graphics processor is to encode two or more of

the plurality of video {rames of the encode batch in parallel.

Further to the second embodiments, the central processor and the graphics processor

comprise a system on a chip.

In one or more third embodiments, a system for adaptively batching encode tasks for slow
motion video recording comprises means for buffering, in a slow motion video recording mode, a
plurality of video frames to generate an encode batch comprising the plarality of video frames,
means for submitting the encode batch comprising the plurality of video frames for encoding,

and means {or encoding the encode batch to generate an encoded bitstream.

Further to the third ernbodiments, the system further comprises means for buffering, at
least partially during the encoding of the encode batch, a second plurality of video frames to

generate a second encode batch comprising the second plurality of video frames.

Further to the third embodiments, the system {urther comprisesmeans for waking the
means for encoding from a sleep state based on the encode batch, wherein the means for

encoding comprise means for encoding the encode batch during a continuous active state.

Further {o the third embodiments, means for waking the means for encoding from a sleep
state based on the encode baich, wherein the means {or encoding comprise means for encoding
the encode baich during a continuous active state, means for buffering, at least partially during
the encoding of the encode batch, a second plurality of video {rames to generate a second encode

batch comprising the second plurality of video frames, means for entering the means for
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encoding into a second sleep state upon completion of the encode batch, and means for waking

the means {or encoding from the second sleep state based on the second encode batch.

Further to the third embodiments, the system further comprisesmeans for entering the
slow motion video recording mode based on a requested frame capture rate being not less than a

threshold frame capture rate.

Further to the third embodiments, the system further comprisesmeans {or entering the

stow motion video recording mode based on a slow motion video recording request signal.

Further to the third ernbodiments, the system further comprisesineans for seiting a batch
size associated with the encode batch, wherein the batch size determines a number of video

frarnes in the plurality of video frames.

Further to the third embodiments, the system further comprisesmeans for implementing a
main thread o provide the encode baitch to themeans for buffering and means for implementing a
worker thread to submit the encode batch to the means for encoding and to monitor encoding of

the encode batch.

Further to the third embodiments, the system farther comprisesmeans for implementing a
main thread to provide the encode batch to themeans for buffering and means for implementing a
worker thread to submit the encode batch to the means for encoding and to monitor encoding of
the encode batch, wherein the main thread is to add each of the video frames to themeans for
buffering to generate the encode batch and to increase a buffer counter based on adding each of

the video frames.

Further to the third embodiments, the system further comprisesmeans for implementing a
main thread {o provide the encode batch to themeans for buflering and means for implementing a
worker thread to sabmit the encode batch to the means for encoding and to monitor encoding of
the encode batch, wherein the main thread is to add each of the video frames to themeans for
buffering to generate the encode batch and to increase a buffer counter based on adding each of
the video {rames and wherein the worker thread is to fetch the video {frames {rom themeans for
buffering based on the buffer counter reaching a batch depth associated with the encode batch

and provide the video frames to the means for encoding.
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Further to the third embodiments, the system further comprisesmeans for implementing a
main thread {o provide the encode batch to themeans for buflering and means for implementing a
worker thread to sabmit the encode batch to the means for encoding and to monitor encoding of
the encode batch, wherein the main thread is to add each of the video frames to themeans for
buffering to generate the encode batch and to increase a buffer counter based on adding each of
the video {rames and wherein the worker thread is to fetch the video {frames {rom themeans for
buffering based on the buffer counter reaching a batch depth associated with the encode batch,
provide the video frames to the means for encoding, and, upon a first frame of the video frames
completing encoding, release a buffer portion of themeans for buffering associated with the first

frame.

Further to the third embodiments, the means for submitting the encode batch comprise

means for sequentially submitting the plurality of video {rames of the encode baich.

Further to the third embodiments, the means for encoding the encode batch comprise

means {or encoding two or more of the plurality of video frames in parallel.

In one or more fourth embodiments, at least one machine readable medium comprisesa
plurality of instructions that, in response to being cxecuted on a computing device, cause the
computing device to adaptively baich encode tasks for slow motion video recording bybutfering.
in a slow motion video recording mode, a plurality of video frames to generate an encode batch
comprising the plurality of video frames, submitting the encode baich comprising the plorality of

video frames for encoding, and encoding the encode batch to generate an encoded bitstream.

Further to the fourth embodiments, the machine readable medinm further comprises
instructions that, in respounse to being executed on the computing device, canse the computing
device to adaptively batch encode tasks for slow motion video recording bywaking the graphics
processor from a sleep state based on the encode batch, wherein encoding the encode batch

comprises encoding during a contlinuous active state of the graphics processor.

Further to the fourth embodiments,the machine readable medium further comprises
instructions that, in response to being executed on the computing device, cause the computing
device to adaptively baich encode tasks for slow motion video recording by waking the graphics

processor from a sleep state based on the encode batch, wherein encoding the encode baich

comprises encoding during a continuous active state of the graphics processor, buffering, at least
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partially during the encoding of the encode batch, a second plurality of video frames to generate
a second encode baich comprising the second plurality of video frames, entering the graphics
processor into a second sleep state upon completion of the encode batch, and waking the graphics
processor from the second sleep state based on the second encode batch, wherein encoding the
second encode batch comprises encoding during a second continuous active state of the graphics

Processor.

Further to the fourth embodiments,the machine readable mediom further comprises
instructions that, in response to being executed on the computing device, cause the computing
device to adaptively baich encode tasks for slow motion video recording byimplementing a main
thread to provide the buffering of the plurality of video {rames to generate the encode baich
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch comprising the plurality of video frames for encoding and to

monitor the encoding of the encode batch.

Further to the fourth embodiments,the machine readable medium further comprises
instructions that, in response to being executed on the computing device, cause the computing
device to adaptively batch encode tasks for slow motion video recording by implementing a2 main
thread to provide the buffering of the plurality of video {rames to generate the encode batch
comprising the plurality of video frames and implementing a worker thread to provide the
submitting of the encode batch comprising the plurality of video frames for encoding and to
monitor the encoding of the encode balch, wherein the main thread is to add each of the video
frames to a buffer to generate the encode batch and to increase a buffer counter based on adding
each of the video frames and wherein the worker thread is (o fetch the video frames from the
buffer based on the buffer counter reaching a batch depth associated with the encode batch and

provide the video frames to a graphics processor for encoding.

In one or morefifthembodiments, at least one machine readable medium may include a
plarality of instructions that in response to being executed on a computing device, causes the

computing device to perform a method according to any one of the above embodiments.

In one or moresixthembodiments, an apparatus may include means for performing a

method according to any one of the above embodiments.
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It will be recognized that the embodiments are not limited to the embodiments so
described, but can be practiced with modification and alteration without departing from the scope
of the appended claims. For example, the above embodiments may include specific combination
of features. However, the above embodiments are not limited in this regard and, in various
implementations, the above embodiments may include the undertaking only a subset of such
features, undertaking a different order of such features, undertaking a different combination of
such features, and/or undertaking additional features than those features explicitly listed. The
scope of the embodiments should, therefore, be determined with reference to the appended

claims, along with the full scope of equivalends to which such claims are entitled.
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CLAIMS
What is claimed is:
I. A system for adaptively batching encode tasks for slow motion video recording

comprising:

a memory comprising a buffer for storing video {frames;

a central processor coupled to the memory, the central processor o, in a slow motion
video recording mode, storeto the buffer a plurality of video frames to generate an encode batch
comprising the plurality of video frames; and

a graphics processor to encode the encode batch duaring a continuous active state of the

graphics processor to generate an encoded bitstream.

2. The system of claim 1, wherein the central processor is further to store to the buffer, at
least partially during the encode of the encode batch, a second plurality of video frames to

generate a second encode batch comprising the second plurality of video frames.

3. The system of claim 2, wherein the graphics processor is further to enter a sleep state
upon completion of the encode batch and to wake from the sleep state based on the second

encode batch.

4. The systerm of claim 1, wherein the central processor is further to enter the slow motion
video recording mode based on a requested frame capture rate being not less than a threshold

frame capture rate.

5. The system of claim 1, wherein the central processor is further to enter the slow motion
video recording mode based on a slow motion video recording request signal.
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6. The system of claim 1, wherein the central processor is further toset a batch size
associated with the encode hatch, wherein the bateh size determines a number of video frames in

the plurality of video {rames.

7. The system of claim 1, wherein the central processor is further toimplement a main thread
to add the video frames to the buffer to generate the encode batch comprising the plorality of
video frames and to implement a worker thread to submit the encode batch comprising the

plurality of video {rames {o the graphics processor and to monitor the encode of the encode batch.

3. The system of claim 7, wherein the central processor 1s further to, via the roain thread,
increase a buffer counter based on an addition of cach of the video frames, and to, via the worker
thread, fetch the video frames {rom the buffer based on the buffer counter reaching a batch depth

associated with the encode baich.

9. The system of claim 8, wherein the central processor is further to, via the main thread,

upon cncode completion of a first frame of the plurality of video frames, release a buffer portion

of the buffer associated with the first frame,

10. The system of claim 1, wherein the graphics processor is to encode two or more of the

plurality of video frames of the encode batch in parallel.

11. The system of claim 1, wherein the central processor and the graphics processor comprise

a system on a chip.

- 40 -



10

20

WO 2016/192079 PCT/CN2015/080772

12. A method {or adaptively batching encode tasks for slow motion video recording
comprising:

buffering, in a slow motion video recording mode, a plurality of video frames to generate
an encode batch comprising the plurality of video frames;

submitting the encode batch comprising the plurality of video frames for encoding; and

cncoding the encode batch to generate an encoded bitstream.

13. The method of claim 12, further comprising:
buffering, at least partially during the encoding of the encode batch, a second plurality of

video frames to gencrate a second encode batch comprising the second plurality of video frames.

14. The method of claim 12, wherein encoding the encode batch comprises encodingthe
encode batch via a graphics processor, the method further comprising:

waking the graphics processor from a sleep state based on the encode baich, wherein
encoding the encode batch comprises encoding during a continuous active state of the graphics

Processor.

15. The method of claim 14, further comprising:

buffering, at least partially during the encoding of the encode batch, a second plurality of
video frames to generate a second encode batch comprising the second plurality of video frames;

entering the graphics processor into a second sleep state upon completion of the encode
batch: and

waking the graphics processor {rom the second sleep state based on the second encode
batch, wherein encoding the second encode batch comprises encoding during a second

continuous active state of the graphics processor.
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16. The method of claim 12, further comprising:
entering the slow motion video recording mode based on a requested {rame capture raie

being not less than a threshold frame capture rate.

5
17. The method of claim 12, further comprising:
entering the slow motion video recording mode based on a slow motion video recording
reqguest signal.
1018 The method of claim 12, further comprising:
setting a batch size associated with the encode batch, wherein the baich size determines a
number of video frames in the plurality of video {rames.
19. The maethod of claim 12, further comprising:
15 implementing a main thread to provide the buffering of the plurality of video frames to
generate the encode batch comprising the plurality of video frames; and
implementing a worker thread to provide the submitting of the encode batch comprising
the plurality of video {rames for encoding and to monttor the encoding of the encode batch.
20 20. The method of claim 19, wherein the main thread is to add each of the video frames toa

butfer to gencrate the encode batch and to increase a buffer counter based on adding each of the

video frames.
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23. The method of claim 20, wherein the worker thread is to fetch the video frames from the
butfer based on the buffer counter reaching a batch depth associated with the encode batch and

provide the video frames (o a graphics processor for encoding.

22. The method of claim 21, wherein the worker thread is further to, upon a first frame of the
video frames completing encoding, release a buffer portion of the buffer associated with the first

frame.

23. 'The method of claim 12, wherein submitting the encode batch comprises sequentially

submitting the plurality of video frames of the encode batch.

24. The method of claim 12, wherein encoding the encode batch comprises encoding two or

more of the plurality of video frames in parallel.

23. A system for adaptively batching encode tasks for slow motion video recording
comprising:

means for buffering, in a slow motion video recording mode, a plurality of video frames
o generate an encode batch comprising the plurality of video frames;

means for submitting the encode batch comprising the plurality of video {rames for
encoding; and

means for encoding the encode batch to generate an encoded bitstrear.

26. The system of claim 25, further comprising:
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means for buffering, at least partially during the encoding of the encode batch, a second
plurality of video frames to generate a second encode batch comprising the second plurality of

video frames.

27. The system of claim 25, further comprising:
means for waking the means for encoding {rom a sleep state based on the encode batch,
wherein the means for encoding comprise means for encoding the encode batch during a

continuous active state.

28. The system of claim 27, further comprising:

means for buffering, at least partially during the encoding of the encode baich, a second
plurality of video frames to generate a second encode batch comprising the second plurality of
video frames;

means for entering the means for encoding into a second sleep state upon completion of
the encode batch; and

means for waking the means for encoding from the second sleep state based on the

second encode batch.

29 The system of claim 25, {urther comprising:
means for entering the slow motion video recording mode based on a requested frame

capture rate being not less than a threshold frame capture rate.

30. The system of claim 25, further comprising:
means for entering the slow motion video recording mode based on a slow motion video

recording reguest signal.
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31 The system of claim 25, further comprising:
means for setting a batch size associated with the encode batch, wherein the batch size

determines a number of video {rames in the plurality of video frames.

32. The system of claim 25, {urther comprising:

means for implementing a main thread to provide the encode batch to themeans for
buffering; and

means for implementing a worker thread to submit the encode batch to the means for

10 encoding and to monitor encoding of the cncode batch.

33. The system of claim 32, wherein the main thread is to add each of the video frames to
themeans for buffering to generate the encode batch and to increase a buffer counter based on

adding each of the video frames.

15
34, The system of claim 33, wherein the worker thread is to feich the video frames from
themeans for buffering based on the buffer counter reaching a batch depth associated with the
encode batch and provide the video frames to the means for encoding.

20 35, 'The system of claim 34, wherein the worker thread is further to, upon a first frame of the

video frames completing encoding, release a buffer portion of themeans for buffering associated

with the first frame.

36. The system of claim 25, wherein the means {or submitting the encode batch comprise

25 means for sequentially submitting the plurality of video frames of the encode batch.

1
N
(97

1
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37.  The system of claim 25, wherein the means for encoding the encode batch comprise

means for encoding two or more of the plurality of video frames in parallel.

38. At least one machine readable medium comprisinga plurality of instructions that, in
response to being executed on a computing device, cause the computing device to adaptively
baich encode tasks for slow motion video recordingby:

buffering, in a slow motion video recording mode, a plurality of video frames to generate
an encode batch comprising the plurality of video frames;

submitting the encode batch comprising the plurality of video frames for encoding; and

encoding the encode baich to generate an encoded bitstream.

39. The machine readable medium of claim 38, further comprising instructions that, in
response {0 being executed on the computing device, cause the computing device (o adaptively
batch encode tasks for slow motion video recording by:

waking the graphics processor from a sleep state based on the encode batch, wherein
encoding the encode batch comprises encoding during a continuous active state of the graphics

ProCessor.

40, 'The machine readable medium of claim 39, further comprising instructions that, in
response to being cxecuted on the computing device, cause the computing device to adaptively
batch encode tasks for slow motion video recording by:

buffering, at least partially during the encoding of the encode batch, a second plurality of

video frames to generate a second encode batch comprising the second plurality of video frames;
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entering the graphics processor into a second sleep state upon completion of the encode
batch; and

waking the graphics processor from the second sleep state based on the second encode
batch, wherein encoding the second encode batch comprises encoding during a second

continuous active state of the graphics processor.

41. The machive readable mediom of claim 38, further coroprising instructions that, 1o
response to being executed on the computing device, cause the computing device (o adaptively
batch encode tasks for slow motion video recording by:

implementing a main thread to provide the buffering of the plurality of video frames to
generate the encode batch comprising the plurality of video frames; and

imiplementing a worker thread to provide the submitting of the encode batch comprising

the plurality of video frames for encoding and to monitor the encoding of the encode batch.

42. The machine readable medivm of claim 41, wherein the main thread is to add each of the
video frames to a buifer to generate the encode batch and to increase a buffer counter based on
adding cach of the video frames and wherein the worker thread is to fetch the video frames from
the buffer based on the buffer counter reaching a batch depth associated with the encode baich

and provide the video frames to a graphics processor for encoding.
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